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(54) An improved method to embed passive components 



(57) The invention is directed to a method of 
embedding thick film passive components on an 
organic substrate wherein a flexible metallic substrate 
has a conductive paste underprint applied thereon. The 
method comprises the following steps: applying a con- 
ductor pasta underprint onto a flexible metallic sub- 
strate; firing the preceding article; applying at least one 



passive component paste onto the underprint; firing the 
preceding article; and applying the passive component 
side of the metallic substrate onto at least one side of an 
organic layer which is at least partially coated with an 
adhesive layer wherein the passive component side of 
the article is embedded into the adhesive layer. 
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Description 



FIELD OFTHF [^/^TpM 
BACKGROUND np jHE .NVEN"PQ f^ 

f^31 TSZ^r TTS adhe8,VeS ' ,IUXeS ' SOlder Paete " and *> r ™* so.deringSow * 

a, 5 X2o i, JS£ * ° f th8 embedded P 888 '* 8 P a ^ls, as found in Japanese patent application kokoku H2- 

S TiT S Z e com ^" Bnte Printed diractly 0nto 8 metal *>"• Thi. method had d^bacS^h ^adhesion 
-^STf. and ,0W ca P acite "« and high dissipatlon.factor with the capacitor*. Th^erttovem on 

SSSTm IT*" ^ 8i °" * the a PP ,toatio " * 8 P^e underprint that was appL to > rn\Kl befo« he 
PfiS5,Ve C °T POnentS - Theref0re ' the presant util * 88 « tmpnfved «Z ££££ 

« 2ZT " 9 PreSent ^ thid< fi " n t6Chn ° ,0Sy fw ,0W m * «W« formation on orgarS^ 

SUMMARY qfthf iMyFfTTlffr 
*> toSngs^ PfeSent inVan,IC,n iS dlreCte<,t0 * meth0d "«*«**"9 «** film passive component* comprising the 

A. applying as an underprint a conductor pasts onto a flexible metallic substrate- 

B. fmng the article found in step A.; 

C. applying at least one resistor paste onto the underprint; 
SB 0. firing the article found In step C; 

tKSlF.r 6 f 'TJ^ 8ide ' rfthe artiC ' e f0Und In 8te P °- onto at ,ea * ™ 8 side of an organic layer which is at 
a " Sd SW ° teVer me P3Sta *» " tha artte * 18 embeo-dedEna adhe 

W fngTe iJSXSZ inVemi ° n * fUrth9r ,0 8 m6th ° d ° f embeddin 9 «* P- 8 - compon.* compris- 

A. applying as an underprint a first conductor paste onto a flexible metallic substrate- 

B. finng the article found in step A.; ' 
*e C. applying at least one dielectric paste onto the underprint; 

D. firing the article found in step C; 

E. applying a second conductor paste onto the fired pastes; 
P. firing ins article found in step E.; 

?' « Ply j? 9 „ the firSd paSt * Side ° f the artide found in F - on "> * one side of an organic layer which is at 

[0W71 Employing conventional print/etch processing to pattern the conductors may then complete the above meth- 

L^LdrnSSr^t^ 30 ^ TOn m prinC *" e b8 printed t0 9 ether . 38 as multiple grades of resteto.- 

paste and multiple grades of capacitor pastes, as long as all pastes use the same furnace profile in me firing step 
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cr l iraj Mi ^£ 

Brief BEscsiEDQfel QE tmp BBfflAaaiS 

. (0009) 

5 Figure 1 Is an illustration of a buried passive comoonent fehri^t^ ■„ 

method. M component fabricated In accordance with the present invention 

detaii fn BgSSBlEBQfel op tmp im meMUQM 

" K form™ KS£[^^ ?—* *-* techno, ogy to be * 

The improved process UH , lzes past*. «2 KEn^SZJS 0,9an,C PWBS flnd 0ther °*™ te 
sive components. The term -paste' is eonmtoZJi£t£ Sfo * metal foil before P nntln 9 thepas- 

thteK film composition. The undeiprint flS^inTXS 1 lV, ^ materia ' S '"^^ WhiCh * 

» metal foil and the organic layer. TypicelV. th?^^ d T^d.^ that the underprint adhered well to the 
metal fo,, For example, if a coppeTfoi, were SS^^STS^iT* - 10 "* ^ "» 

- 51 priced ttZ^JXZff^ttStt " 7 "~ 

economical approach. Areas can also be selected throve orSL? P ^ ° n SeleCt8d areas> which is the "»* 
advantage of coating the entire surface of the to^sTat?heT«Tn 9 t h " 9 When °°W» r * «" 

copper foil when an oxygen doped firing JSSK used* C ° PPer PMI8 ° xidativs «>™*» * »• 

IOQ12J Silver foil is an alternative to coooer foil <5ih»r <mi .u 

* electrical parties can be used. S Je^^ ZbiT^ unT^^ ** 9irfired superior 
tomigrate. end the non.nduetry^tandaSSr^^ KJ" 9 39 ^ * C ° St and 

[0013] Embodiments of the claimed processes will be dL^ h ° H L , 

bon and a goldpaete asa second metal LSSS^SSX^^ 36 3 *" metel te,Wina - 

in no way limit the invention to the mentioned maiai* irih-^-. - 9°W are used for illustrative purposes and 
» undertne mefiJngpolntofthes.lverS /! 2S2E££ ^^^"^^P" 6 ^*'^ foil then StaKSKS 
dried and fined. typioaUy at o50°C which Is ^JnSKSK tSTtft*."* unde * ri "^ ten, then 
and laminated to an organic layer such as a printed wtrino bSS S 7** «■ then inverted 

more layers of adhesive, so that the resistois sink totX^tortvl^lZ** * compOSed « partly of one or 
tons. A photoresist such as Riston® made by E du ipl 5 S ™^ ** SUlt8bte for 6t0hin9 temV,na - 

* foil: the photoresist is then exposed to UV light to £2? a D !T^ C ™ ny " lamfnated onto tne 

ally other circuit traces. 3 9en$rate a P a «em of the resistors and silver terminations and option- 

(0014] The exposed photoresist is then develooed and ««. ~t,.«.... 

or other suitable etchamto produce ^^^^^^^^^^^^OC^n^a^r^a, 

om>m B ,.,i«orp«.wr,lch»llow» locio m.^JSEfal^S^^' * " r MM™* »hI Mated 

paste. The die- 

underpnnt and possibly the silverfbil (if the underprint was ao^ed ?. VI ?. d ' 8 ' eetriC pflttern onto *• silv ^ 
Is then fired at a low temperature <<400°C) to a£ter Z jSf , l Pa * ern) ,0^11,^,9 a more «*"P«« build. The build 
ormed a firet electwde buf nM at < ternpe C ^^ r *; 0 ZZ ISSJ* 2^ f ^.^erprlnt and/or M which 
from diffusing into eech other. Attematively a thermoset?w£ SIT k "nderprint and /or foil end go, d print 

t001 6] The snver toll containing the fired capacitor 3 and nLfeton, 

^ components are embedded Into the adhSTayTr T' h ^ '"^ d f °P°" »• 

tell: exposed with a pattern that defines the electrodes J! tTmlS ^ 0t0,les,st 18 ,he " '^mlnated onto the sliver 
composed of a metal that is not etched by the ^ f'"^ ^ ^ mu « «» 

be formed during the print-aod-etch process The too ei^Lt " • ,lver e,earo ^ *>« both terminations may 

[0017] B y proper sequencing Tot n^^aKdlSeSol 0 "^ SCfea ' > ^ 98 daSC * ed ^ 
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70 



50 



ar- meta,,c fo " and ^ «• - *. p WB e are .am.nated 

SS3 5' Jft^rl^r^ fi,m b then laminated »• metanc foil 

f ^f d - * ^ Va ' * un «P 0 «* areoo of the film, which .eaves metric foil 



£QiiS 
[0031] 



35 



40 



45 



50 



BS 



Thick F.lng rn rnrni7 | tinn 

being preferred. The capacitor thick film eSmpSb^S Lr^S ^' ? ' ™ based mck ,i,m P**tes 
ox,de thick film pastc being preferred. qZSZ thtek n^2E « V Witn barfum « a "*e or titani^ 

metal or ether special function type P^o^X^ ^J^T^^ * d ' Vided P artic * 6 ° r 9^ 
J* 9 *- di f ersi "9 remand org^nicsoivent TnT p4 fe ^ e d nSeLS^ disw>lved in a o 

which are well known in the industry, and comm^S^S^^! 0 ^ paS6,ve components are resistor pastes, 
deemed resietancea. The capacitor pastes S^XSSS ilSff ITt may be " eedBd to 

onaooppersystem „ ave to oij^v«hteteif»taiSS^ a ^ e *" Preferred pastefi which P**l 

E n-, then dispel 2ST £ S^SSiSET * T^* 81 a p-- 

for screen printing. The latter is printed as a thick film"7r™!„, ^ havm9 su,teb,e consistency and rtieoiogy 
[0004] Any essential* may be^o^ 

^^oilizlngagenteand/oromerco^^ "J? 1 " 0 lk,uids - with or vvithout thickening 

can be weed are the aliphatic atoohote, aeters of t^^^^^^^^^^^^^ 
f>.ne oil, terpineol and the like, solutions of resins S £S££LT^ ar,e, P ro P ,w «te, terpeneesuch as 

ulose in solvents such as pine oil and the 2Z*Za*Z«tZT^T °" Werafc °^ "»"«ons of ethyl cat 
tamed vehicle is based on ethyl celiutoee resin and TSZSTZSZ" monoacetate sorbitol. A pre- 

Chemicals (see Examples); alternatively, alpha £X \ni ™™ TZ ' " * prDpriBtef y ^r/alcohol from Eastman 
toning e-15% beta- and gamma-terplneoh^,^ , SJETSSST^h**^ "Pte-terplneol con- 

atthough poorer burnout properties than the/exTol T^eSrX^ Whe " UMd aS solvan{ tor «** «m inks, 
after application to the substrate. ^ Nc ' e 6,50 may cor,tain volatile liquids to promote fast setting 

55 ma . ISSiSS 5 SIJSSS ^SSKr'S and depends UPDn 11,8 mannef 10 

v.B eontain complementarily 50-91% solids and 50 9% 1 ? ^ 9 °° d cweraQe - tne Aspersions 
-nvention may. of course, be modified by the !SS^SSL ■ 1°*?! ab0ve ' Tha "^Positions of thTpresem 
Such formulations are well within the Jtte fmTn * * ^" or affect its beneficial chamcteristS 
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following ranges when measured on a BroOkfleid HBT Viscometer at low, moderate arid high shear rates: 



10 



Shear Rate (sec* 1 } 


Viscosity (Pa *s) 












300-2000 


Preferred 




600-1500 


Most Preferred 


4 


40-400 






100-250 


Preferred 




120-200 


Most Preferred 


40 


10-150 






25-120 


Preferred 




50-100 


Most Preferred 



so 

[0037] The preferred organic layers used in this invention are the types of boards utilized In the printed-circult board 
Industry. Generally, they are made from high-pressure laminates. By definition, a laminate consists of layers of fibrous 
25 materials bonded together under heat and pressure with a thermosetting resin. Many times It is an electrical-grade 
paper bonded with phenolic or epoxy resin or a continuous-filament -glass cloth bonded with an epoxy-res"m system. 
More specifically, examples are: 

XXXPC made from a high-quality electrical paper impregnated with a phenolic resin; 
3a FR-2 similar to Grade XXXPC except a f lame-retardant property; 
FR-3 is self-extinguishing paper epoxy; 

G-10 is a high-quality laminate made from sheets of glass doth bonded with epoxy resin; 
FR-4 is quite similar to G-1 0 except fortne added self-extinguishing property. G-1 1 is a glass-ctoth-epoxy; currently, 
FR-4 is a preferred substrate material for many applications. 
55 FR-5 is the flame-resistant modification of G-1 1 . 

ftdhesjves. 

[0038] The adhesive© should be electrically insulating. An epoxy, resin, acrylic or ceramic type adhesive may be 
ao used. The preferred thickness of the adhesive applied Is about 0.04 to about 0J2 millimeters. The preferred adhesives 
ere commercially available Vialux®, Pyralux® and Pyralux WA^. 

[0039] The present invention wil! be described in further detail by giving practical examples. The scope of the inven- 
tion, however. Is not limited in any way by these practical examples. 

<5 eXAMPLgS 

[0040] AH values in the following examples are given in weight % based on total composition. 
Compositions 

so 

[0041] The composition of the copper paste underprint follows: 



as 



Texanol 


15.00% 


Ethyl Cellulose 


0.75% 



5 



PAGE 13/41 * RCVDAT 4/92006 2:06:05 PM [Eastern Daylight rime] ' SVR:USPTO£FXRF-5J12 ' DMS:2738300 ' CS!D:3028927343 * DURATION (mm-ss):1 1-10 



APR. 5.2006 2:16PM 



NO. 6352 P. 14/41 



EP 1 093 327 A2 



(continued) 


Glass A 


0.60% 


Copper 


63.50% 


Phosphate Wetting Agent 


0.15% 



Composition of Glass A: 

10 [0042] 



Silica 


9.4% 


B 2°3 \ 


12.2% 


Lead Oxide 


65.9% 


Cadmium Oxide 


6.7% 


Sodium Fluoride 


3.2% 


Aluminum Oxide 


0.2% 



[0043] The paste was prepared by techniques well known to those skilled in the art of thick film paste formulation 
25 and production. The glass was melted and fritted using standard techniques well known to those skilled In the an of 
glass production. Sore en -printing was accomplished using standard screens (stainless steel mesh. 325 to 500 mesh 
screens). Thickness of the fired films on the' copper foil was less than 10 microns, typically 8 to 9 microns. 

ENPftPSULANT PASTE 

30 

[0044] 



95 


Ingredient 


Per Cent 




Alumina Powder (Bayer Process, ~2 micron) 


55.0% 




Solvent (dibutyl carbitol) 


16.0% 




Resin (blsphenol-F. Shell #B62) 


25.3% 


Cyanoguanidme (Dyhard 100SR SKW Trostberg) 


2.4% 




Thermal Initiator (UR-150. SKW Trostberg) fToluene2,4'bb(N,N-dimethytcart>amine)) 


1.3% 



45 [0045] The material was mixed in a high shear high-speed mixer such as a Cowles, commonly used in the paint 
industry. The alumina was adequately dispersed in this manner, and no additional roll milling was used. 

Process Plow 

50 [0046] The processes for parts with and without the adhesive layer are very similar. Examples 1 -6 are comparative 
and demonstrated without a copper paste underprint. Examples 7-12 exemplify the invention and are demonstrated 
with a copper paste underprint The parts were printed using a 230-280 mesh screen; dried at 80°C; and fired on a 
nominal - 30 minute' furnace profile (ten minutes peak at 900 degrees, with burnout ramp up to 20 minutes). Another 25 
mfnutes is spent in unheated zones for a total residence tima of 55 minutes in the tunnel kiln. 

55 
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Without Copper Paste Underprlnt 




With Copper Paste Underprint 


5 


1. 


No underprlnt layer 


1. 


Screen Print/Dry Copper Underprint Layer 




2. 


No firing 


2. 


Fire Copper Underprint Layer 




3. 


Print/Dry Resistor Paste 


3. 


Print/Dry Resistor Paste 


10 


4. 


Fire Resistor Paste 


4. 


Fire Resistor Paste 




5. 


Vacuum Laminate Rred Parts of PWB which is 
coated on the converging side with Pryalux Adhe- 
sive 


5. 


Vacuum Laminate Fired Parts to PWB which is 
coated on the converging side with Pyralux Adhe- 
sive 


15 


6. 


Mlcroetch to Accept Riston 


6, 


Microetch to Accept Riston 




7. 


Laminate Riston 


7. 


Laminate Riston 




8. 


Expose Conductor Pattern on Riston 


8. 


Expose Conductor Pattern on Riston 




9. 


Develop/etch/strip boards 


9. 


Davelop/etch/strip boards 


SO 


10. 


Print a curable epoxy encapsulant over the pat* 
temed resistors 


10. 


Print a curable epoxy encapsulant over the pat- 
terned resistors 



Results 
[00471 



30 


Resistors Printed without Cu Paste Underprlnt - lOKohm, R, Average, and CV 10.000 Ohm Lanthanum boride resis- 
tor paste printed with Screen-Using Pyralux Adhesive 




Ex.1 


Ex.2 


Ex.3 


EX, 4 


Ex. S 


Ex.6 








26.65 


27.92 


20.57 


Open 


19.87 


Open 


R 


V 


55 


27.58 


22.16 


21.44 


20.69 


20.93 


22.16 


E 


A 




26.91 


152.8* 


22.62 


29.45 


24.1 


2B.9 


S 


L 




33.73 


28.11 


25.76 


24.82 


2B.8 


26.3 




U 


40 


31.58 


38.2 


26.4 


36.8 


26.1 


34.2 


S 


E 




32.6 


36.7 


27.62 


32.5 


31.06 


34 3 


T 


S 




33.5 


27.31 


476* 


27.27 


31.6 


32.2 


O 






31.3 


27.76 


710" 


32.5 


33.1 


34.1 


R 




45 


30.48125 


29.73714 


24.06833 


29.14714 


27.195 


30.30857 


Average 






2.973298 


5.675446 


2.903683 


5.399265 


5.001303 


4.716621 


Standard Deviation 



so 



55 



Resistors with Underprint of Cu Paste - 10kOhm f Resistance, Ave, and CV (20 x 20 resistors) 


Ex.7 


Ex. 6 


Ex. 9 


EX.10 


EX. 11 


Ex. 12 






24.3 


21.1 


21.9 


17.9 


22.3 


20.9 


R 


V 



7 
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(continued) 



Resist 


?rs with Under 


pnnt of Cu Paste - 1 0kOhm, Resistance, Ave. and CV (20 x 20 resistors) 


Ex.7 


Ex. 8 


Ex. 9 


Ex. 10 


! Ex. 11 


EX. 12 






Open 


21.1 


21.9 


18.5 


21 


21.5 


E 


A 


20.8 


21.3 


19.7 


19.1 


1 9 


2 1.5 


S 


L 


21.4 


21 


19.4 


19.4 


17.3 


21.2 


J 


U 


22.8 


20 


2l.fi 


22.4 


13.8 


20.5 


s 


£ 


22.7 


22 


21.4 


21.1 


15.5 


21 


T 


S 


20.9 


21 


20.8 


17.4 


17.1 


21,6 


O 




i7.e 


17.6 


19.6 


15.9 


20.1 


19.7 


R 




22.15 


21.07143 


20.98571 


19.4 


18 


21.17143 


Average 




1.3634S2 


0337975 


1.0574 


1.781385 


2.991 098 


0.398806 


Standard Deviation 



10 



13 



20 



X 



EL ™T ; ™f» with an asterisk are taken from resistors with an obviously damaged ter- 

TZ^n ™ non-onderpnnted boards (Examples 1-6) had undesirable values caused by poor teSon 

S the K Ce „° f ?* toB PP0CeSSed wnh0M the unde "> rint ,a ^ r «as poorer in other SSS 
In the ftrst place. *e hgh ohm resistors had very poor adhesion to the copper. This manifested Itself durinohandlino 

«nceof reactance In the rasters without the Cu underprtnt as well as higher di^patlon factors in oapacttorsTnLa^- 
EXAMPI P tfl 

[0049] The dielectric paste was printed onto a copper foil with an underprint, using two prinVdrv/fire seouenees to 

d nS ao m^ ^Ti c ? 30 mmUte furnace profi,e (ten minlJtes P«* at 900 d *sraes. with burnout ramp 
up to 20 minutes). Another25 mmutes is spent In unhealed zones tor a total residence time of 55 minutes in the tu3 

m ^ t ? a L?! e,ect, : ic8 m pr,nted ^ fired on * e undarprinted copper foil, a low temperature silver paste is 

STlS^lIIitSr? ~ T 3 ,Sad eXtendin9 ° ft 0,6 6d9e ° f the dieteCtrlC ™ 1erial - Sinc * "It afTect 

the a Iver ead etch, it can be accessed after etching the copper off of it. The silver paste is fired in a furnace for ten 

part of the silver lead to provide an attachment point 
[0051 J The composition for the dielectrlo paste is; 



Zjcronlum Oxide Powder 


4.10% 


Glass "A- 


6.10% 


Ethyl Cellulose 


0.83% 


Eastman Texan o I 


17.63% 


Barium Titan ate Powder 


69.20% 


Barium Nitrate Powder 


0.84% 


Phosphate Wetting Agent 


0.4O% 



ss (0052] Glass "A" is composed of! 
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S 



Germanium Oxide 


21.5% 


Lead Tatra oxide 


78.5% 



[0053] Texanol is a proprietary ester/alcohol from Eastman; the ethyl cellulose is grade "T-200' from Hercules; and 
the phosphate wetting agent Is trldecyl phosphate from AKZO. Powders are ground by processes familiar to those 
10 skilled in the art of formulation of thick film inks; the glass Is also prepared using commonly used procedures. Organic 
and inorganic portions of the formula are mixed and roil milted to produce a thick film printing ink of viscosity suitable 
for screen-printing. 

[0054] The composition of the silver paste is as follows: 

15 



5 micron flake silver 


48.2% 


1-2 micron silver 


26.8% 


0.6 to O.a micron silver 


3.6% 


Ethyt Cellulose resin 


1.4% 


Texanol 


20.0% 



[0Q55] The ethyl cellulose Is T-200 grade, from Hercules; the Texanol is an alcohol/ester solvent from Eastman. Sil- 
ver paste was prepared using techniques well known to formulators skilled in thick film art. 

[0056] The parts thus prepared were inverted, laminated, coated with photoresist, and exposed, developed, etched 
and stripped using processes well known to those skilled in the art of PWB fabrication. 
30 [0057] The following represent the electrical properties of capacitors made with these materials: 

Capacitance is ~1 50 nF/in 2 ; std dev is <l 0% 
Df is -0.9 to -1 .7% from 1 Khu> to 100 KHz 
IR is > 5x1 0 fl Ohms 
33 Breakdown voltage is ~300v 



Claims 



1 . A method of embedding thick film passive components comprising the following steps: 

40 

A. applying as an underprint a conductor paste onto a flextole metallic substrate; 

B. firing the article found in step A.; 

C. applying at least one resistor paste onto the underprint; 

D. firing the article found in step C; 

45 E. applying the fired paste side of the article found in step D. onto at least one sida of an organic layer which 

is at least partjaliy coated with an adhesive layer wherein the fired paste side or the article "is embedded into 
the adhesive layer. 

2. A method of embedding thick film passive components comprising the following steps: 

so 

A. applying as an underprint a first conductor paste onto aflexible metallic substrate; 

B. firing the article found in step A.; 

C. applying at least one dielectric paste onto the underprint; 

D. firing the article found In step C; 

ss E. applying a second conductor paste onto the fired pastes; 

R firing the article found in step E.; 

G. applying the fired paste side of the article found in step F. onto at least one side of an organic layer which is 
at least partially coated with an adhesive layer wherein the fired paste side of the article is embedded into the 
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adhesive layer. 

3. A method of embedding thick film passive components comprising the fallowing sequential steps: 

s A. applying as an underprint a first conductor paste onto a flexible metallic substrate; 

B. firing the article found in step A; 

C, applying at least one dielectric paste onto the underprirtr; 
' D. firing the article found in step C; 

E. applying a thermos at thick film conductor onto the fired pastes; 
to F. curing the article found in step E.; 

Q. applying the cured paste side of the article found in step F. onto at least one side of an organic layer which 
is at least partially coated with an adhesive layer wherein the cured paste side of the article is embedded into 
the adhesive layer. 

is 4. The method of Claim 2 or 3 wherein the step of applying at least one dielectric paste further comprises applying at 
least one resistor paste onto the underprint 

5. The method of Claim 2 or 3 wherein the step of applying at least one dielectric paste further comprises applying at 
least one resistor paste onto the dielectric paste. 

6. The method according to either of Claim 1, 2 or 3 wherein the firing steps are performed below the softening or 
melting point of the metallic substrate. 



25 
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7. The method of Claim 1 , 2 or 3 further comprises an encapsulant 

8. The method of Claims 1 , 2 or 3 wherein the underprint is a conductor paste comprising the same type of metal as 
found in the metallic substrate. 

9* The method of Claim 2 or 3 wherein the dielectric paste contains an oxidizing agent 

10. A buried passive component formed in accordance with the method of Claim 1, 2 or 3. 
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layer wherein the passive component side of the article 
is embedded into the adhesive layer 
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